The KSS and N32 sorghum [Sorghum bieolor (L.) Moench) lines are low and high, respectively, in the hydrocyanic acid potential (HCN-p) of mature leaves. This difference is conditioned primarily by a single pair of alleles. The main objective of this study was to determine, at various stages of plant growth and various times during the growing season, the HCN-p of upper leaves and tillers of fieldgrown plants of these two parental lines and of two low-HCN-p F3 lines derived from crosses between KS8 and N32. The four entries were grown in a randomized complete block design with three replications in 1985. Samples of leaf tissue were dried, ground, and extracted, and cyanide in the extracts was assayed colorimetrically. Using a mean HCN-p level of SOO mg kg-I dry wt to separate safe from unsafe sorghum forage, all samples of KS8 mature leaves and tillers would be considered safe, and all N32 samples would be considered potentially dangerous. Values for most of the samples of the F J lines fell within the safe range, but some samples of young regrowth exceeded the 500 mg kg-I limit. Regressions of HCN-p on height for upper leaves of main stems and of tillers indicated a significant negative relationship for all entries except for leaves from the main stems of KS8. However, the relationship was not close enough to support the use of plant or tiller height as a reliable indicator of HCN-p. Levels of HCN-p also were determined for mature leaves and young regrowth of hybrids involving KS8, N32, and 'Redlan' sorghums as seed parents and NP25, 'Piper,' and 'Greenlear sudangrasses [So sudanense (Piper) Stapf) as pollinators.
that seedling leaves of both lines were high in HCNp, but mature leaves from field-grown plants differed greatly, flag leaves of N32 being at least 10 times as high in HCN-p as KS8 flag leaves (3) . The large difference in HCN-p between KS8 and N32 was detected in field-grown plants within about 5 weeks after planting (5) , and was found to be conditioned primarily by a single pair of alleles (3) . The objective of the present study was to determine, at various times during the growing season and at various stages of plant development, the HCN-p of upper leaves and tillers of KS8, N32, and two low-HCN-p F3lines derived from crosses 'between KS8 and N32. Determinations of this type are needed for appropriate management decisions concerning the safety of sorghum forage for grazing live-I Contribution from the USDA-ARS and the Nebraska Agric. Res. :Div., Lincoln, NE 68583. Published as Paper no. 8101, Journal Series, Nebraska A$ric. Res. Div. Research was conducted under Project 12-114. Received 31 July 1986. 2 George Holmes professor of agronomy; supervisory research geeticist, USDA-ARS; and research geneticist, USDA-ARS. respectively.
Published in Crop Sci. 27:903-906 (1987). 903 stock. It would be unusual for farmers to use grain sorghums such as KS8 and N32 as pasture except during the period after grain harvest. However, sudangrass [So sudanense (Piper) Stapf] and sorghum X sudangrass hybrids are often used for pasture and greenchop, and the HCN-p of these forages at various growth stages is important to the livestock producer. Therefore, several other sorghum and sudangrass lines and their FI hybrids also were included in this study.
MATERIALS AND METHODS Plant Material
Parental sorghum lines used in the main part of this study were the B-lines of KS8 (10) and N32 (11) . Previously published HCN-p values for mature leaves of KS8 and N32 are approximately 24 and 850 mg kg-I dry wt, respectively (3) . Reciprocal crosses between BKS8 and BN32 were made in 1982 by hand emasculation and hand pollination, and the resulting FI plants were self-pollinated in 1983 to produce F2 seed. From numerous F2 plants that were assayed and self-pollinated in 1984, two low-dhurrin plants were selected for carrying into the F3 in 1985. One of these F2 plants, from the BKS8 X BN32 cross, had a mature-leaf HCN-p of 18 mg kg-I; the other, from BN32 X BKS8, had a value of 15 mg kg-I.
Seeds of BN32, BKS8, and the two F 3 's were planted in a soil mixture in growth chambers (27°C, continuous cool white fluorescent light at about 150 ~mol m-2 S-I) in April 1985, and first leaves of week-old seedlings were sampled for HCN-p assay. The seedlings were then transplanted to the greenhouse where they were allowed to grow until 17 May 1985 when they were transplanted to the field [soil type: Kennebec silt loam (fine-silty, mixed, mesic Cumulic Hapludoll)] at the University of Nebraska Agronomy Farm, Lincoln, NE. In both the greenhouse and the field, the four entries were arranged in a randomized complete block design with three replications. Row spacing in the field was 0.76 m with a 0.61-m spacing between plants within rows. These spacings were designed to reduce interplant competition and encourage tillering. Each of the three blocks consisted of 40 plants (a four-row plot with 10 plants per row) of each of the four entries; thus, a total of 480 plants were available for sampling during the season. To provide plants at various stages of development throughout the season, the first row in each plot was clipped (stubble height 10 to 15 cm) on 3 July, the second row on 15 July, and the third row of each plot on 26 July. The fourth row was left unclipped.
Four samples were harvested from each ofthe 12 plots on each sampling date. Two of the samples usually consisted of blades of upper leaves from main stems; each sample included one leaf blade, with midrib removed, from each of three plants. The other two samples usually consisted of upper portions (distal to the collar of the youngest leaf with a collar) of young tillers, one tiller from each of three plants per sample. A conscious effort was made to select tillers for height uniformity across entries at each sampling. Exceptions to the foregoing sampling procedure occurred on 11 and 27 September when all four samples consisted of flag t Measured from soil surface to tips of heads for samples taken following full head emergence, and to tips of leaves extended along ruler for samples taken at earlier stages. Each mean represents 24 plants. :j: Each mean represents six plants.
§ SE values calculated using error term from sampling analysis of variance. , Regrowth from plants that were clipped 26 July. II Regrowth from plants that were clipped 3 July. tt Regrowth from plants that were clipped 15 July. :j::j: SE across blocks and samplings. leaves from stems at two stages of growth (Table 1) , and on 18 July and 15 August when only tillers, representing two different heights, were sampled ( Table 2 ). As previously described (3), an insulated box was used to transport samples to the laboratory where the leaf tissue was cut into pieces 1 to 2 cm" in area, each sample was thoroughly mixed, and a 2.50-g portion was removed for drying. These portions were dried at 75°C for at least 3 h, dry weights were determined, and the dry tissue was ground to pass a i-mm screen. Ground samples were stored in small plastic vials in a laboratory freezer at about -18°C until they were extracted for assay.
Separate analyses of variance were calculated for each sampling. This allowed testing for significant differences among entry means and calculation of the standard errors of entry means within samplings. Also, HCN-p of upper leaves from main stems and of tillers was regressed on height. Two separate regression analyses were calculated. The first was a simple linear regression; the second included the second-order term for height, height", as well as the first-order term, height. The sequential analyses provided a means of determining whether or not a linear model was adequate in describing the relationship between HCN-p and height.
In a related study, three sorghum A-lines (KS8, N32, and 'Redlan'), three sudangrass pollinators (the low-dhurrin population, NP25 (6), and 'Piper' and 'Greenleaf], and their nine FJ hybrids were seeded at the University of Nebraska Agronomy Farm on 9 May 1985, in 6.4-m rows spaced 0.76 m apart. The 15 entries were arranged in single-row plots in a randomized complete block design with three replications. The west half of each row was clipped (stubble height 10 to 15 cm) on 26 July, and the west one-fourth of each row was clipped a second time on 13 August. Six samplings of upper leaves from main stems or of upper portions of tillers were made between 18 June and 23 August (Table 3) . Samples were harvested, dried, ground, and stored as described above.
HCN-p Assay Assays of HCN-p in seedling leaves were done spectrophotometrically following autoclaving of the leaves to extract and hydrolyze dhurrin (2) . Portions of the dried and ground, field-grown leaf samples were extracted 2 to 3 h with water at room temperature, and dhurrin in the extracts was hydrolyzed with NaOH as previously described (3) . The released cyanide was determined colorimetrically by a modification of the procedure of Lambert et al. (7) .
RESULTS AND DISCUSSION
N32, KS8, and F 3 Lines First leaves of the plants used in the main part of this study, sampled 1 week after seeds were planted, had the following HCN-p values (mg kg~ I fresh wt, mean ± SE, n = 120): BN32-649 ± 13; BKS8-922 ± 19; F 3 , BKS8 X BN32-826 ± 15; and F 3 , BN32 X BKS8-1070 ± 17. As previously observed (3), the seedling HCN-p level ofKS8 was considerably higher than that ofN32 despite the fact that N32 had a much higher mature-leaf HCN-p than did KS8. Also, both F3 lines were high in seedling HCN-p although both came from F2 plants that were very low in matureleaf HCN-p.
Heights of plants prior to full head emergence were quite uniform across entries, as shown by the relatively small standard errors for height means ( Table 1 ). The increase in standard errors accompanying heading was largely the result of the characteristically short peduncles of N32. For fully headed plants, heights of N32, measured from the soil surface to the tip of the panicle, were only about two-thirds as great as those for the other three entries.
All HCN-p means for upper leaves ofN32 exceeded the 500 mg kg~ I dry wt value that has been used as the limit between safe and doubtful or daogerous sorghum forage (4) ( Table 1) . Values for upper leaf samples of the other three entries were well below the 500 mg kg~ I limit, with individual sampling date/entry means ranging from 19 to 71 mg kg~l.
Past research, some of which dates back to the early 1900s, has shown that young plants and new regrowth are higher in HCN-p than mature leaves (1, 8, 9) . It is not surprising, therefore, that in the present study, HCN-p values obtained for leaves from tillers and young regrowth ( Table 2) were much higher than those for older leaves ( Table 1 ). The only entry for which all means were < 500 mg kg~ I was KS8. All N32 tiller means were high; in two instances (11 July and 8 August) the 500 mg kg~ I level was exceeded by a factor of at least four. Samples of both F3 lines that were harvested on 11 July and 8 August exceeded the 500 mg kg~ I limit; otherwise, tiller samples of these two lines appeared to be reasonably safe based on this limit. Any risk of using these F3lines for livestock feed could be greatly decreased, of course, if the forage were harvested and fed in such a way that the animals could not sort out the young tillers.
It is widely recognized that a generally negative relationship exists between HCN-p and plant height in sudangrass and sorghum. This relationship is the basis for the recommendation that sudangrass and sorghum X sudangrass hybrids not be grazed until the plants have reached a height of at least 38 cm (12) . In the present study, HCN-p was regressed on height for upper leaves of main stems as well as for tillers. For upper leaves, the simple regression coefficients were significant (P < 0.01) for all entries except KS8. However, the y2 values were low, ranging from 0.03 to 023. When height 2 was added to the model, the ,2 values were affected only slightly with the range from the secondorder model being 0.03 to 0.24. All of the regression coefficients for the second-order term were nonsignificant. Thus, there was a weak linear relationship between HCN-p and height, and there was no evidence of a nonlinear relationship between these variables.
For tillers, simple linear regression of HCN-p on height produced coefficients that were significant for each entry, but, as was the case with upper leaves, the relationship was weak. The y2 values obtained from linear regression ranged from 0.32 to 0.36. With addition ofthe second-order term, height 2 , to the model, ,2 values increased slightly resulting in values ranging from 0.39 to 0.45. The regression coefficients for height 2 were significant for all four entries. For each entry, the coefficient for height was negative, whereas the coefficient for heightl was positive. Thus, the HCN-p of tillers tended to decrease with increases in height, but the rate of decrease lessened as height increased. Height was not a reliable indicator of HCN-p for either tillers or upper leaves from main stems.
Sorghum X Sudangrass Hybrids
Comparison of the HCN-p of upper leaves from unclipped plants of three sorghums, three sudangrasses, and their nine FI hybrids revealed that only N32 exceeded the 500 mg kg~ I level at all three samplings ( Table 3 ). The 18 June samples of Redlan exceeded this level, and mean values for AN32 X Greenleaf and ARedlan X Greenleaf were not far below the 500 mg kg~ I level on this date. Otherwise, HCN-p means of the previously unclipped plants of all entries in this part of the study were within the 500 mg kg~ I limit.
High HCN-p levels were observed in young regrowth harvested 6 August from plants of most entries that were clipped on 26 July (Table 3 ). Only NP25, Piper, and the KS8 X NP25 hybrid were below the 500 mg kg~ I level. Based on the 500 mg kg~ I limit, regrowth of N32, Redlan, N32 X Greenleaf, Redlan X Piper, and Redlan X Greenleafwas still potentially dangerous at heights of 70 to 105 cm (sampled on 23 August). Regrowth from plants clipped on 26 July and again on 13 August and harvested 21 August was lower in HCN-p, for unknown reasons, than regrowth from plants of generally comparable height that were clipped on 26 July and sampled on 6 August. However, HCNp levels of Greenleaf, N32, Redlan, N32 X Greenleaf, and Redlan X Greenleaf still exceeded 500 mg kg-I in the 21 August sampling.
Large variation in HCN-p occurred among the six samplings within each entry (Table 3) , but rankings of the 15 entries were similar across samplings. Correlation coefficients between pairs of samplings(n = 15 for each of the 15 pairs of means) ranged from 0.58 to 0.98. All r values were significant at P = 0.05; all except one were significant at P = 0.01, and all except three exceeded an r value of 0.75.
Overall mean HCN-p levels, including all six samplings of the hybrids with KS8, N32, and Redlan as female parents were 174,495, and 462 mg kg-I, respectively. Comparable means for the hybrids involving the three pollinators were: NP25-239; Piper-342; and Greenleaf-551. These results indicate that from the standpoint of minimizing the risk of cyanide poisoning by sorghum X sudangrass hybrids, KS8 would be the seed parent of choice, and NP25 and Piper would be the preferred pollinators.
The nine hybrids and six samplings included in this study provided a total of 54 HCN-p means. Examination of the data in Table 3 indicates that 43 of these hybrid means fell between their respective parental means. Six of the remaining 11 means involved the low-HCN-p A-line, KS8, as the female parent and either NP25 or Piper as the pollinator, and HCN-p values for these six hybrids, although not always intermediate between parental values, were low and similar to the parental values. In general, the sorghum X sudangrass hybrids were like the KS8 X N32 hybrid (3) in having HCN-p levels that were intermediate between parental values.
